Context: Extracorporeal shock wave lithotripsy (ESWL) commonly used procedure for treating upper urinary tract stones may result in acute kidney injury (AKI) with release of biomarkers. Association of plasma total homocysteine (tHCy), serum high-sensitivity C-reactive protein (hs-CRP), and serum creatinine with renal dysfunction and their role as acute renal injury markers is to be assessed.
Introduction
The increased prevalence of renal stone disease is pandemic [1, 2] with a lifetime risk of kidney stones currently at 6%-12% in the general U.S. population. [1] Since its introduction in early 1980s, extracorporeal shock wave lithotripsy (ESWL) is accepted as the first-line treatment modality for renal and upper ureteric stones. It is a noninvasive procedure which is simple, safe, and effective and can be performed with and without anesthesia on outpatient basis. Dornier HM3 lithotripter was the first lithotripter to be introduced. [3] Siemens Modularis Vario lithotripter is a newer generation lithotripter. ESWL continues to be the treatment of choice for uncomplicated kidney stones of <2 cm in diameter, 25 years after its introduction into the USA. ESWL is well tolerated by patients and has a low morbidity and high success rate. [4] However, it has been known since 1985 that a clinical dose of sound waves induces acute renal injury that extends from the papilla to the outer cortex, with a change in renal function in most, if not all patients. [5] This focal and predictable injury has two components; a traumatic vascular injury thought to be induced by the physical forces of the shock wave and an ischemic/hypoxic response linked to the severely damaged renal vessels. In addition, an inflammatory response, termed "lithotripsy nephritis" quickly ensues at the sites of endothelial injury. [5] This oxidant stress renal injury is followed by release of markers. The impact of ESWL on renal function has been evaluated in many studies. Recently, it is suggested that plasma homocysteine levels increase in patients with renal dysfunction. Numerous studies have demonstrated that kidney function is one of the most important determinants of plasma total homocysteine (tHcy) concentration. [6] Homocysteine is a sulfur-containing amino acid with a reactive sulfhydryl group (-SH) and like most thiols (RSH) can undergo oxidation to disulfide (RSSR) at physiological pH in the presence of O 2 . It is formed by demethylation of methionine and can be reversibly converted back to methionine and irreversibly to cysteine. These reactions are catalyzed by transition metals, Vitamin B6, B12, and folic acid. Homocysteine can cyclize to give homocysteine thiolactone, a five-membered heterocycle. Because of this "self-looping" reaction, homocysteine -containing peptides tend to cleave themselves by reactions generating oxidative stress. Homocysteine is cleared from the body by renal and extrarenal metabolism. Renal metabolism includes urinary excretion after glomerular filtration just like creatinine. Elevated tHcy levels have been associated with atherothrombotic vascular disease and numerous other diseases including Alzheimer's disease, osteoporosis, deep vein thrombosis, and pulmonary embolism in the general population. [7, 8] Furthermore, serum creatinine is raised in any kidney disease either acute or chronic. It is excreted by glomerular filtration and is one of the well-known renal injury marker. Serum high-sensitivity C-reactive protein (hs-CRP) is a nonspecific marker of any injury and inflammatory process. Acute kidney injury (AKI) is defined based on RIFLE criteria as two-fold rise in serum creatinine from the baseline value after ESWL.
The aim of this study was to assess plasma homocysteine as a marker of acute renal injury in patients undergoing ESWL for renal stone disease and compare the same with other markers, i.e., serum creatinine and serum hs-CRP.
Subjects and Methods
The 1 year study design was a cross-sectional study done from January 2015 to December 2015. It was carried out in the Department of General Surgery and Department of Urology of a Tertiary Care Teaching Hospital. Sixty-four patients undergoing ESWL for renal stones fulfilling the selection criteria were included in the study. Patients aged between 24 and 61 years and undergoing ESWL in a first sitting which was used as the only modality of treatment were included in the study. Pregnant patients, patients with baseline renal impairment who developed post-ESWL complications such as ureteric obstruction or sepsis that required further intervention, calculi >2 cm, patients with chronic kidney disease or acute renal failure and patients with blood coagulation disorders were excluded from the study. Before the commencement, the Ethical Clearance was obtained from the Institutional Ethics Committee, Jawaharlal Nehru Medical College, Belagavi.
Patients fulfilling selection criteria were briefed about the nature of the study and a written informed consent was obtained. The demographic data such as age and sex, presenting complaints were noted. The patients were subjected to clinical examination, and vitals were noted. The systemic examination was done. These findings were recorded on a predesigned pro forma. Patients were subjected to the following routine investigations pre-ESWL-Complete blood count, mini renal test, liver function test, urine routine, and microscopy and coagulation profile. The position of the calculi and stone diameter was measured by either X-ray kidney, ureter, bladder (KUB), ultrasonography (USG) KUB or plain computed tomography KUB.
Patient demographics are summarized in Table 1 . In our study, out of 64 patients, the majority of the patients were males 46 (71.88%) and 18 (28.13%) females. The male to female ratio was 2.55:1. In this study, most of the patients were aged between 31-40 years and 41-50 years (31.25% each). The mean (standard deviation [SD]) age was 40.88 (10.46) years with median age of 41 years and range 24 being minimum and 61 years being maximum. In the present study, most of the patients had pain (96.87%) followed by hematuria (2.08%) and nausea (1.04%). Thirty-four (53.13%) patients were diagnosed with left renal calculi while right renal calculi were noted in 30 (46.88%) patients. Overall 41 (64.06%), 20 (31.25%), and 3 (4.68%) patients had one, two, and three calculi, respectively. The calculi were located in the renal pelvis in 35 patients (54.68%), in upper calyx in 11 (17.18%), in mid calyx in 10 (15.63%), and in lower calyx in 8 patients (12.5%). The mean (SD) size of the renal calculus was 1.41 (0.58) mm. Seven patients (10.93%), 32 patients (50%), and 25 patients (39%) had calculus size in between 5 and 10 mm, 11 and 15 mm, and 16 and 19 mm, respectively. The maximum stone size considered was <2 cm [ Table 1 ].
Patients were hydrated thoroughly before, during, and after ESWL. All the ESWL were carried out using Siemens modularis lithotripter either under local anesthesia using gel or under intravenous sedation (fentanyl/propofol/morphine/ketamine). The procedure was done in supine position. In most cases, a combination of USG and fluoroscopy was used to target the calculi. According to the department's protocol, therapy was commenced at low power and gradually increased during lithotripsy based on the stone fragmentation. The shock rate was set at 60/min. Maximum shocks delivered were adjusted to 3000 per sitting. Total number of shocks used per sitting was adjusted to achieve satisfactory fragmentation of calculus. The procedure was terminated if maximum shocks delivered reached 3000 without satisfactory fragmentation.
Plasma tHCy, serum hs-CRP and Serum creatinine levels were measured pre-and post-ESWL, i.e., 24 h before (baseline value) and 24 h after ESWL and noted for rise in levels. Fasting samples were obtained. EDTA anticoagulated blood was used for measuring plasma tHCy. It was estimated by automated architect immunoassay analyzer and levels between 5.9 and 16 µmol/L was regarded as normal. [9] Serum hs-CRP levels were estimated on Automated DADE Dimension RXL Analyser and levels between 0 and 3 mg/dL was regarded as normal. [10] Plain blood was used for measurement. Serum creatinine levels were estimated on Automated DADE Dimension RXL Analyser. Levels between 0.5 and 1.4 mg/dL were regarded as normal. [11] 
Outcome variables
Patients were monitored for the development of acute renal injury which was considered based on RIFLE criteria as two-fold rise in serum creatinine from the baseline value after ESWL and risk was considered as 1.5 fold rise in serum creatinine from the baseline value after ESWL. [12] 
Statistical analysis
The data were analyzed using SPSS statistical software version 20.0. The categorical data were expressed as rates, ratios, and percentages and continuous data were expressed as mean ± SD. Probability (P ≤ 0.05) at 95% confidence interval was considered as statistically significant.
Results
The mean number of shock waves per session was 2457 ± 207.95. Most of the patients underwent 2500 total number of shocks per session (85.94%). The total energy delivered per session averaged 78.88 ± 13.79 J and the average intensity used was 3.59 ± 0.60 W. The mean duration of ESWL per session averaged 55.30 ± 8.23 min.
Considering RIFLE criteria for AKI as two-fold rise in serum creatinine from the baseline value after ESWL, The pre-ESWL mean serum hs-CRP levels were comparable in patients who did not develop AKI and who developed AKI (P = 0.314). Similarly, the post-ESWL mean serum hs-CRP levels were also comparable in patients with AKI and those who did not develop AKI (P = 0.120) [Graph 3]. Furthermore, the mean change in hs-CRP levels in patients with AKI and those who did not develop AKI was almost similar statistically (P < 0.107). But when the percentage is considered in patients with AKI, 72.22% of the patients had a significant rise in serum hs-CRP levels, and all patients had raised serum hs-CRP levels compared to the baseline values following ESWL, which is the only cause of insult on kidney in 24 h following ESWL.
Considering, RIFLE's criteria for AKI as two-fold rise in serum creatinine from the baseline value after ESWL and risk of developing ARI as one and half fold rise in serum creatinine from the baseline value after ESWL and two-fold rise in plasma tHCy and serum hs-CRP following ESWL from the baseline value pre-ESWL as significant rise, following results were obtained: In patients with AKI, 83.33% of the patients had significant rise in serum tHcy levels and 72.22% of the patients had significant rise in serum hs-CRP levels 24 h following ESWL. In patients with risk of developing ARI, 57.14% of the patients had significant rise in serum tHcy levels 
Discussion
ESWL is a commonly used procedure for treating upper urinary tract stones in patients who require treatment.
It is a noninvasive approach that can be performed as an outpatient procedure. [13] Despite its proven safety and efficacy, there are many studies on the complications occurring after ESWL. [14, 15] ESWL does cause a predictable pattern of acute renal injury by causing rupture of blood vessels in the medulla and cortex which is accompanied by intraparenchymal bleeding, oxidative stress, inflammation, and an impairment of renal hemodynamics. [5] Resolution of the acute injury may result in scar formation with loss of functional renal tissue. [5] The risk of developing irreversible changes following SWL is influenced by the number of shock waves and rate at which it is administered, the energy and the number of SWL treatment sessions. Yet, the relationship between these risk factors is not understood. [13] There is a need for identification of new renal injury markers to prevent the progression of the renal injury and for early initiation of treatment.
Homocysteine is a sulfur-containing amino acid with a reactive sulfhydryl group (-SH) can undergo oxidation to disulfide (RSSR) in the presence of O 2 and at physiological pH. It is formed by demethylation of methionine and can be reversibly converted back to methionine and irreversibly to cysteine. These reactions are catalyzed by transition metals, Vitamin B6, B12, and folic acid. Homocysteine can cyclize to provide homocysteine thiolactone, a five-membered heterocycle. Due to this "self-looping" reaction, peptides containing homocysteine tend to cleave themselves by reactions generating oxidative stress. Homocysteine is cleared in the body by renal and extrarenal metabolism. Renal metabolism includes urinary excretion after glomerular filtration just like creatinine. Elevated tHcy levels have an association with atherothrombotic vascular disease [7, 8] and numerous other diseases including Alzheimers disease, deep vein thrombosis, osteoporosis, and pulmonary embolism in the general population.
Recently, it is suggested that plasma homocysteine levels increase in patients with renal dysfunction. Several studies have demonstrated that renal function is the most important determinant of plasma tHcy concentration. [16] [17] [18] In this study, we aimed to evaluate the relationship between plasma tHCy levels and ESWL in patients with renal stone. Furthermore, serum creatinine is raised in any kidney disease either acute or chronic. [19] It is excreted by glomerular fitration and is one of the well-known renal injury marker. Serum hs-CRP is a nonspecific marker of any injury and inflammatory process. [20, 21] This prompted us to assess plasma homocysteine as a marker of acute renal injury marker in patients undergoing ESWL for renal stone disease and compare the same with other markers, i.e., serum creatinine and serum hs-CRP.
AKI was defined based on RIFLE criteria as two-fold rise in serum creatinine from the baseline value after ESWL and risk was considered as 1.5 fold rise in serum creatinine from the baseline value after ESWL. Two-fold rise in plasma tHCy and serum hs-CRP from the baseline value after ESWL was considered significant.
In a study done by Demir et al. [6] the aim was to evaluate the relationship between tHcy levels and ESWL for patients with kidney stones and to see if the change in homocysteine levels continued on the improvement of renal dysfunction. In their study, tHcy levels showed a statistically significant increase from 9.4 ± 1.4 to 18 ± 4.8 and 11.2 ± 2.1 at 2 days and at 3 months, respectively. Serum creatinine also showed a statistically significant increase compared to baseline at 2 days and at 3 months after ESWL.
In a study done by Modi et al. [21] mean hs-CRP value increased in all three g roups, i.e., Group A (no antioxidant), Group B (Vitamin E), and Group C (Vitamin C) after 48 h of lithotripsy but then gradually it came down. The mean hs-CRP levels were significantly lower in Group B (Vitamin E) and Group C(Vitamin C); (Student's t-test, P < 0.05) compared to Group A (no antioxidant) on day 2, 7 and 28 after the lithotripsy. In Group C (Vitamin C) mean hs-CRP value was lower than Group B (Vitamin E) but was not statistically significant (Student's t-test, P > 0.05). Lowest mean hs-CRP value achieved in Group C (Vitamin C) patients at day 28 (1.52).
Considering RIFLE criteria for AKI as two-fold rise in serum creatinine from the baseline value after ESWL, AKI was seen to develop in 36 (56.25%) patients in this study. Hence, patients were divided into two groups -AKI group and non-AKI group. To the best of our knowledge, we did not find any other studies with such division after ESWL for comparison. In one study done by Moriyama et al. [22] based on AKI criteria (KDIGO criteria), fifty patients who underwent cardiac surgery with cardiopulmonary bypass were divided into two groups: AKI group (n = 11) and non-AKI group (n = 39), with respect to postoperative serum creatinine (Cr) levels, i.e., 11 patients developed AKI postoperatively.
We considered two-fold rise in plasma tHCy post-ESWL from the baseline value pre-ESWL as significant rise. Furthermore, we considered two-fold rise in serum hs-CRP post-ESWL from the baseline value pre-ESWL as significant rise. In the present study, post-ESWL plasma tHCy levels were significantly raised in 67.19% of the patients while 32.81% of the patients had no significant rise. Furthermore, in this study, post-ESWL serum hs-CRP levels were significantly raised in 59.38% of the patients while 40.63% of the patients had no significant rise.
In this study, pre-ESWL mean plasma tHCy levels were comparable in patients who developed AKI and who did not develop (P = 0.971). However, post-ESWL mean plasma homocysteine levels were significantly high in patients with AKI (21.01 ± 7.67 µmol/L) compared to those who did not develop AKI (16.93 ± 7.44 µmol/L) (P = 0.036). Similarly, the mean change in plasma homocysteine levels in patients with AKI was significantly high (10.90 ± 4.87 µmol/L) compared to those who did not develop AKI (6.85 ± 6.06 µmol/L) (P = 0.004). Considering the significant rise of plasma tHCy post-ESWL it can be concluded that plasma tHcy can be considered an acute renal injury marker following ESWL. In a study done by Demir et al. [6] tHcy levels showed a statistically significant increase from 9.4 ± 1.4-18 ± 4.8 and 11.2 ± 2.1 at 2 days and at 3 months, respectively post-ESWL for renal stones.
In the present study, the post-ESWL mean serum creatinine levels were significantly high in patients with AKI (1.59 ± 0.44 mg/dL) compared to those who did not develop AKI (1.32 ± 0.29 mg/dL) (P = 0.006). Similarly, the mean change in serum creatinine levels in patients with AKI was significantly high (0.90 ± 0.25 mg/dL) compared to those who did not develop AKI (0.28 ± 0.24 mg/dL) (P < 0.001) confirming creatinine as an acute renal injury marker post-ESWL. This was in accordance to the study done by Demir et al. [6] where serum creatinine showed a statistically significant increase compared to baseline at 2 days and at 3 months after ESWL.
In this study, pre-ESWL mean serum hs-CRP levels were comparable in patients who did not develop AKI and who developed AKI (P = 0.314). Similarly, the post-ESWL mean serum hs-CRP levels were also comparable in patients with AKI and those who did not develop AKI (P = 0.120). Furthermore, the mean change in hs-CRP levels in patients with AKI and those who did not develop AKI was almost similar statistically (P < 0.107). However, when percentage is considered in patients with AKI, 72.22% of the patients had significant rise in serum hs-CRP levels and all patients had raised serum hs-CRP levels compared to the baseline values following ESWL, which is the only cause of insult on kidney in 24 h suggesting the role of serum hs-CRP as an acute renal injury marker whose significance could not be proved due to small sample size of this study. Similar result was shown in a study done by Modi et al. [21] in which mean hs-CRP value increased in all three groups -Group A (no antioxidant), Group B (Vitamin E), and Group C (Vitamin C) after 48 h of lithotripsy but then gradually it came down.
Considering RIFLE's criteria for AKI as two-fold rise in serum creatinine from the baseline value after ESWL and risk of developing ARI as one and half fold rise in serum creatinine from the baseline value after ESWL and two-fold rise in plasma tHCy and serum hs-CRP post-ESWL from the baseline value pre-ESWL as significant rise following results were obtained: In patients with AKI, 83.33% of the patients had significant rise in serum tHcy levels and 72.22% of the patients had significant rise in serum hs-CRP levels 24 h post-ESWL.
In patients with risk of developing ARI, 57.14% of the patients had significant rise in serumtHcy levels and 57.14% of the patients had significant rise in serum hs-CRP levels.
Overall the findings of this study suggest that plasma tHcy and serum creatinine can be considered as acute renal injury markers. With aforementioned explanation serum, hs-CRP can also be considered as renal injury marker but needs to be further evaluated.
An important limitation of this study was long-term recovery of these markers and kidney function could not be assessed and a smaller sample size of the study population.
Conclusion
Although ESWL is considered a safe and effective procedure in the treatment of renal stone disease yet it may cause acute renal injury. In this study plasma, total homocysteine and serum hs-CRP rise significantly in addition to serum Creatinine following acute renal injury caused by ESWL. Hence, plasma total homocysteine, serum hs-CRP and serum creatinine can be used as acute renal injury markers following ESWL in patients with renal stone disease.
